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b T «8 IB $ -B: S 3 > y ^ y n 1/ ^ A o 
[0 0 0 1] 

[0 0 0 2] 

[t^5f5®g^^] 

S^OiSS:, r + j ^^^^cJ:^;, fS^tcSB^-r-6 3i:*^T'^So 
[0 0 0 3] 

[i^mm-^m 1 ] 

J. Knoop. O. Ruthing and B. Steffen 
, Lazy code motion. In PLDI '92. p. 224-2 
3 4, 1 9 9 2. r L a z y =1 - K^t&j 

[0 0 0 4] 
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J. Knoop, O. Ruthing and B. Stef fen 
, Partial dead code elimination. In PL 
DI '94, p. 147-158, 1994. 
[0 0 0 5] 

[0 0 0 6] 

apt., *i§^(Z)iii(Z)j^^{Cci:sii, :sc^n^m^^^zru^=yh.^m.mift 
{c :5:^3«J S: iiia -r s xiiD^^ ^ ffi -r s ii*D^^«i map a . iisn^^M msp ic <fc 
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[0 0 0 7] 

mm<Dmm(Dmm] 

[0 0 0 8] 

m 1 mmi^m) 

Java {^mMW (DJust-In-Time iSt 
M^^tCj: yii5!)n$ti -5 M*035:^^J©f'~^ ^ A >y>' Tic ^S^t- -5 ISM n- K 

^^m.-t^wm^~ ion. :sc^m^m^mmt^^m^^^^}ii^ 

iDf-SjiAnn- K^^au 1 3 0 Sr^i^So 
[0 0 0 9] 

^ffiJ^^&^^n-K^^gpi 1 o;5:tJf#fiS^^^mgPi 2 0{c^^So 
^Atc^i-t^, ig^dn^^^fflSP 1 0 0{cj:oT^mstifc^i5c<7)iiin^^(7)-eti 

•rs^SMn- K^^m^So ^LT, ISMn-K^^SPl 1 0 tt, l&Mn- K*^ 

[0 0 10] 

n ^ ^ A {c j3 V ^ T , ^f!c<z)ii*o^^ ic J: o T ^fc^^ii ii*D u ^^«) T :S:^^J^ 
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Ann- K^^gP 1 3 0 li, #m^^<Di^£tJ*S^tC«^^. =f&IN^3- K^fifegP 1 1 

-siiAnn- K=S:^^-t-'5. ^LT, iiinn- F^^S 1 3 0 tt, jiinn-F*^^ 

[0 0 1 1 ] 

®2{i. 3:y/\M^^ttl O^lSf^^D-^r^-t. =r>/N°>r^^«i Oli. M 
^it. Java (^^^^) JCi3t-t-5> =1 > A>r ;b^l^(^)^n ?:-g-t^ ^ ^ 

X7y-r;i/^^^#t-s (S 2 0 0) c -euT. M^^^ffigp i o o i^-® 
:ft:^^(i^l5ttcjs:^^a=S:jiAD-ts^lJc(Z)iiin^^$:^mt-s (s 2 i o) . i&mh 

-K^^SPiioii, n>A>r;i/*fl^©^n^/^Alc^3VNT, ji*Ii#^1^ffi§|J 1 
AD s ti s jiia:ft:^^ao - S: /I 7 T icisM t <5 3 - K & ^^i- s ( s 2 

2 0) . ^m^^^mmi 2 o«, mm<^miia^^iz^'ox:ic^m^mMLt:i^ 
iz^tbx:scmmmm^0m't^mm^^^^m't^ (s2 3o) „ ^lt, ji^on 

=1- K^^SP 1 3 0«, ±T(Z)*&^3- KJ; tj^, U^fetCll^f $ 

S (S 2 4 0) o 
[0 0 12] 

EI 3 (a) it. Sji-ft^f^cD^n^'^A^y-;^!!- F^-M^r^-To i^fg 
(concatenate) ^(D^M^ s Cf5;A"rS^^, fiPt), ^I5t c JC 
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[0 0 13] 

Java (^^ISS) IC^t-t-S/^^f N I3 - > A-f EI3 
(a) {c^Lfey-;^=i- K«:, A>r h Klcn>/\->r;bb;/S:Sg^®-M=&^ 

[0014] 

^m(^mmtim'^-^nx\>^fjt\,^:^m:sc^^mm.siz^m^ti^:scmm^. s bic 
A, MIC, vaiueof^y^y KA'^nff 3*1, •^(Dmmx'^^:^^n^m.ti^% 

[0 0 15] 

zo^oiz. ^u:sc^mMm s iz. mr:iiz:sc^mc^mMir^^^i,t. ^^u 

SS:f?e)#'&{C«, :^il>&:jl^UfIiactt, :;!/-^- l^^ 3 > (G a r b a 
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ge Collection) ICi ^jmWzmWL^tl. ^mHJ^M^^ 
[0 0 16] 

zzx'. :sc^m^mta^^mmtf^m-^^i^r:L-^m:sc^^mm (mutable 

string variable) tit. •fn^^A^m<Dji:miZJ^ 
>?lI(3Dii*n1^f^:;5)«ff«T$tlTVN-5^!KT'fe»J, -mtl^Xit. Java (^^^^ 
) MMiZ^H^ StringBuffer :t^i/jLi7 h y y 7.X:&^. 

^mia-t^miai^Vv m^\t. append^yy K^^LTV^T%J:V^o 
[0 0 17] 

■X^n^mM't^^Mtim'^^i^X\^i^\>^^U:SC^nm^ (immut 
able string variable) U ify ^ 

U, :^:^?^I®^iM^^*^fiFRr$tlTV^^V^^^T'&»J, -mh\^X\%. Java 
i^m^W) ^m\Z^»^ S t r i n h®>f y7s^y7.X^b^o -e 

[0 0 18] 

03 (c) li, i3>/W^^gl Olcj;S^ji>ffcS:J^^x.fe:/ny^A(Z)-MS: 

n^ms h\zum-t^m2, (b) ©i^t scz)^^^:, ^^^sc^^a^iJt s b {cit^iD 

34:^^Uc SriiADf ■SBI3 (b) ®2^fB®^^i:> "T^^^^^'MIISC s b 5:^^3i: 
^^J^fJtslC^m-rSHS (b) ®3fi^BCD^^i:®m-^-frS:^mi-5. ^bT 
> ISIiiftn- K^mSPl 1 0«, )i*D#-^lCf^;iT, iiiD^fc^^J c ©7=- ^ S: A^y 
7TtC|&^-r§^^n- h\ m±\t. 03 (c) (Z)2iff @(Z)^^S:*^i"^o 
[0019] 
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J:V^b> 1 0Mb y t e T'feoTtj J:v^„ :*:ST'^L/^^lKb u f li, /n' 

[0 0 2 0] 

f^icjiinf Siiiun- iiion- F^^SPI 3 oii, T^m 

f5C$:-^t^;r>^i^'a:^ h®^>X^ >::^'^tK ( s . value) (Cf^At* -S^^?: 

fi^iPl 3 0«, A^y:7T(D^$M^$:^-r'W#$:Sift-^^il$:^f K$:^ 
^■rszii:*^M* Lv^„ MAOn- K^figgp l 3 O li. ^?gS[b u f ®^aS: 

T ® ^ ^ ic ^ e> -B: S r i: A"? -e ^ S , 

[0 0 2 1] 

•t s iiin^^ ^jg^b -t -5 r i: T' # s o 

H^f 3- K{Crr>y\°>f ;i/'r<2> Just-In-Time I3 > A>f ^l?^-2>o rtl 
{cf^;tT, n>/^>f ^^gi Oli, y-;^::/'n^^i^$:>'1>r h=i- Ficii^/^^ 
;l/^S/^'>f hn- Fii>/\->f ^T'feoT%<}:v^o 3©^^. ii*D^^«img|S 1 0 

iiin^^^LT^m-rSo -eux, f&Siftn- f^^spi loii, r+j 

^tCf^AT, l&M=i- FSr^m-r^p BP*>> =i>A>r^§Sgl Oli, 03 (a) 
\Zm\^tcV-7sZfu^^h.^Ki3iih. ®3 (b) ®::^D^^AS::fr$-rJc, EI 



ffiliE4t 2003-3037028 



#2003—0494 14 

3 (c) i:lil&|^-(Z)^aS:^f e)A-f hn- KS:ffi:*jLT=bJ:v>„ 
[0 0 2 2] 

^m-to :^mizi5ii^nyj^>(^mmi Oit. 03 (c) izBLt:L-:fu^^2^lz 

[0 0 2 3] 

7 T b u f tt, U X h fili^T' & y , ^ii® U :^ h ® ilia 1 
^o|&Mi-s^i:*^T'^So l&$ft=i- K^figsis 1 1 Ott, ins (a) cisit^Ji 

€>o ^l/T, ii*On-- K^^^i^glS 1 3 0 li, ^^3^^^(J^iJCs $:#M"r-2> @(D 
[0 0 2 4] 

[0 0 2 5] 

BIS (a) Hi <Dfife®:&^lci3VATyai'*^A*':«i!i^b$tvyc^^$:^-r 
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[0 0 2 6] 
[0 0 2 7] 

HIS (b) it. m2(Dm(D:^mzi5\>^x^u^^j^t>'^mmit^tit^mm^m-t 

o ^MtCfeV^T. :^M:$C^mUm^^ti S t r i n g :t iJ^ Mi, Java 

o 4¥^Jkm:iC^^mm^lz^^t:. mtc^JtS t r i n gytzfVai^ h^^^-t^hl 
mz. mtc^J^^mS t r i n g^r^^'i^ai^^ MC, mn<DS t r i n g::*- y'-i^xi^ 

[0 0 2 8] 

n^iz^mt)^-r. 5nB(D^^iz^\,^xit. 4^f s(^#^tc<fcy^^$ti?t^ 

[0 0 2 9] 

^^"pmm^m^^^t ^ zi mz^ '') . :sc^^^i^m'^-r^^^^mmizmmit-t 

[0 0 3 0] 
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m6it. ny/^^ ^mne 0(D-:fuy ^m^Bto 3>A*-r ^^S6 0 ti. m 

^It. Java (mmi^W ©Just-In-Time =l >/t-f ^ T'fe U , iS: 
[0 0 3 1 ] 

^Tcgpeooii, ^mL;^:^<K^^&-^t?>^n^*^A$:, au^J-TC^gli^^BP 6 i o 

CO 0 3 2] 

S^7t:SBS^*S 6 1 o«, mM^^^ti':fu^^2^^M^m^m6 o o*ap> 
[0 0 3 3] 

^^fb^^^mspe 2 0{i. ^^%^m^3 6 1 o*^e>S^t^ofcyD^^A 



£iiliE# 2003-3037028 



#2 003 — 0494 14 

-?-bT, ^^^ts^^^ffigpe 2 o«, gp^^K^is^^SP 6 1 of)^^^nm-Dr=.^u 

[0 0 3 4] 

^^fiS?5SSlS 6 3 0 f^fS[f®*?jS 6 3 4 i:. gP^^Mf^Alfillli^^gP 6 3 8 

f'So f^lgcfSi^^ls 6 3 4 li, ;f^>ffc^^^aig|J6 2 o*^^::^^^^A$:^^:r^^ 

iL. fm^mm^^mzi.^). «r^^b^-^&K^*-rso f^ieitfgi itisu 6 3 4 

^^S:IS^*-r-5o *^6<;{cii, f^ie$t«ra 6 3 4 ij:, ^^^l:^^;^)^^^^^!:^^ 

^^j^iS[i:LT^ffi$-&<5o -ec^^, f^iKfaf^sp 6 3 4 tt, -^mit^^^^^L 

[0 0 3 5] 

a&fTe>o SP^^-^Mf^AiicK^^ape 3 8«, ^M^^-fb^^ j; »J 

^^-fb^^^rfiS^^f So -eUT, ^:0-^Mf^A:fi:llt?*gP 6 3 8 tt, gP^e-^Mf^A 
35:i^3S<OMgi§:#ofeyn^^A$:, iS&Si*^7t:gP 6 4 0lCiai<5o 
[0 0 3 6] 

i3!i^i*m^8P 6 4 0 tt, :^mt^^^mm e 2 o tc j: y^gis tife^^fb^^ 
S:, ^^^b#^®«8lgS:IIJi-rs^fJC(Z)^^Ojffi-^i±lCMt-^m^a$:1f e)» ^ 
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^aj6 5 oizm^o 

CO 0 3 7] 

>(jv<Dt^m^mib^^<. ziyA>( ;vMm(D^u^^2^^^!!bmnL. mn<D^ 

[0 0 3 8] 

6 4 5 ii, ■5r^3S:^^^J^ies:ia«B;SJiS8ls 6 5 o 

[0 0 3 9] 

^-^m:sc^^mmizmwk-t&-^mit^^^^iii't^ (stoo) . mi&nM^ssi^ 

aseiott, H^K^^Sr-^tfyn^^ASr^ufc^TtiSiss 0 o*^^^^:f5tsi:, it 
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(S 7 1 0) o ^^-fb^^^ffigPe 2 Oti, gP^^Jti:g|g^*giS 6 1 O^^^^tt^o 

Sr^m-rS (S 7 2 0) „ 
[0 0 4 0] 

fc«r^^b^^*^#^bTv>fcMm<fc u^(©sp^T% nr^^b^^jcj: u^mstifc 
ps^:ic^nmmtLx^m^ii^ (S 7 3 0)„ 

[0 0 4 1 ] 

■etl-etl^cfev^T. ^^^b^^®^^^|^T'^s^l^:^^3^^l^fS:^cm3^$tlTv^-5 
mm^n"^ (s 7 4 0) o 

[0 0 4 2] 

33^Sl5fc^7t:B|S 6 4 0 li. ii^JJ^^7t:g|S6 0 OlCfc y^m^tlfenT^-fb^^S:. 
igfb^^<Z)«ilgS:lim'rs^f5t®#^(©Jffi^-&lCM-t^m^!I.SS:^f e) (S 7 5 0 

) o ■^m:sc^mmmii^mMmmme 5 oit. ftiRf=i-K#yn^^AiiffgP6 4 
ii-^xmmizm^^. ^m:$c^^mm(owm^^mm'r^ (S 7 6 0) . 

[0 0 4 3] 
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n^oy-^'^^^tim^ZfU 8 1 0 t. 1 O^f B^^^^r-^ti^S^^n ^ 8 
2 0 i:S:^-r-So 

[0 04 4] 

-s^^T'^^o 2nB(D-^^it. mmmm^o) HZ. i (DiuBmn^m-rmmm i 

n $:f^A-r<5^^T'&-5c 3^fB®^^ti, i il, i <Dmmn^m-tm a x t.^ 
itmi^. i A^ma xJgA±®#-a-tC. S2^:fn»y^ 8 2 0 SrUff L> i^^maxi: 
»;/^SV^^-a•^C, S;*:^n^y ^ 8 10 $:llf?-r-54MiS^^'e&-5o 
[0 0 4 5] 

4nB<D^^it. '^mt:$C^m^m.^^ti S trlngSuffe ryi-':fVx. 
^ h t ©^^y JK^fliUc^r, fffelC5t#f S^^-e&-5o 5tfB®^^tt, s IC 

t^.^^:sc^^mm(Dsizwtm-t^^mt^^x*:^^. 8n^<D^^it. 

ma X i:$:j:b|!?L, i A^m a x J5^Ji<Z)#^{C, S:2fc^n ^ 8 2 0 SrHfrb, i 
*'5ma X J: U/J^$V^:^-^^C, mm&^'fUvi^8 1 0 ^^^T^'5:e'lIS^^T'^'5 

o 

[0 0 4 6] 
[0 0 4 7] 

Sl*^7cSlS 6 0 0 tt, m8\ZlGn^A^n-BLn^n^<^^^. fiP*>, «r^3!t^^J 
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[0 0 4 8] 

jfc^S, Si^^TcBP 6 0 0 li, ^^^^A^c^v^T, mMbTg2g$4xfe4#B 

[0 0 4 9] 

lai Oli, m^Tt^^^me 1 0;«)'Jg|S:J3^7j::g'(4$:|S55SLfeyD^^Aa)-'M^ 

m^^^<. 4^f SCDoT^-fb^^?:, a*-/n^y ^ 8 1 07b^^l^35-r^i:^{C, 
^;2|5:>rn*y^ 8 3 02fct>*«:$:>^O^y^ 8 4 OlCifA-r-So ^fc, «f:*JI¥M{Cli, 
aP^K;RIS?*aiS 6 1 0 tt, gp^TC^S-fficDlg^^^iiaiibT, ^N#fF:ft:i^2ic^bfe 

[0 0 5 0] 

-^mt^^^m^-t^o BPt>> S:*:yn>);^ 8 1 0:ib^P,»;$:yD»y^ 8 4 OtcM 

sM^^7□-^cfev^T. 01 oic^3i"t-5 efra^^^-fb^^SLtJ^i o^f@®Br^ 
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[0 0 5 1] 

nr^m(Dmmt0mm(Dmw^m. m^nt. ud. Du^^L^y^m^^x. -^m 

f-So -MilLTli, f^iS^Jjt^j^ 6 3 4 li, ■/n^^A;^^^-®;^ K{CJ: U 
[0 0 5 2] 

mi 2«, ^^l^5SSI5 6 3 0 5b^'^^'f[:^^$:l^^5SLfc::^^^^AcD-M$:^■r 
fCfeVNTH^T^itS, fip-^, SP^^^fflf^AliCl^^SP 6 3 8 El 1 1 6 B <7) 
^^'fb^^Sr. m:^':fU^y^ 8 1 Oi)^^\i^^'t?>tmz. a:*:>^D >)/ ^ 8 4 0 
t)f«:*:yny ^ 8 5 0(C#|&-tS„ ^UT. HS^^ffif^AlftTBS^^glS 6 3 8 tt> S 

*yn^y ^ 8 4 0jc^|&bfe:^^^^i:^^®^jil5feT'&€»^^:5:^^iI^fS:s ic*&JN^ 

^tlTVASDSC^^rj}^)'^, m^^y^Uv^ 8 4 0Jt^)^|^{C|^iff ^4x-5g|J^^JC^VxT#M$ 
tl^v^C0T^ a:*::;^Dy^ 8 4 O ic^gft Ufe^^^^^b^^$:BS?5fe-r-5. 
[0 0 5 3] 

JSi^. <):yi¥MJCl*, gP^^ffif^A35CIS^*8IS 6 3 8 l±, aP4^^fflf^A3i:®BI^5S 



ffiiiE# 2003-3037028 



ijf2003 — 0494 14 

[0 0 5 4] 

{Cg^i^$tl-5C PU 1 0 0 0, RAMI 0 2 0, 7 ^ 3 > h D - 1 0 

7 5, jkxfmm^mi 0 8 0 ^m-t^cpummmt. Am:^=i> hn-^ i o 

84JCj:U3J^>^h=l>hn-^108 2 JCg?^$4xSjim-f > ^ - 7 x-f 1 0 

3 0, /N- K-r-f F^>f 0 4 0, &tKCD-ROM K^>ry 1 0 6 0 
^■r-5Affi:dgPii, Affi:d3> hn-^i084 ic^i^StiS ROM i o i o, 
7 F^-f :/l 0 5 0, ^0Am:tf^^y 0 7 0 u 

[0 0 5 5] 

d>;^ hn-'^ 1 0 8 2li, RAM1 0 2 0 i:, ^li^^mu- hVRAM 

1 020S:r^-fe;^f-5CPUl oo ojkv^^^y-f ^y^=l>hn-^l O 7 5 
i:$:g^i^-r-5o CPUlOOOtt, ROMl 0 1 O^O^RAM 1 0 2 OIC^&MS 

n> hn-^ 1075 CPUlOO O^Tlj^RAMl 0 2 0 p^fCfgi-tfe:? Iz- 
A/N' 7 TilC^fi^f'Siir^T"- ^ L, ^^iggi 0 8 o±izmw^^'&s 

0 z:tllCf^;tT. ^^y^^y^nyhU-^10 7 5it. CPUIOOO^^'5^ 

[0 0 5 6] 

Am;^=i> h □-'^ 1 0 8 4 li, hzi> hn-v 1 0 8 2 ii, ibgcfllJl^ji 
^Am;^3^ST'&-g>jiM>r >^-73:>r:^ 1 0 3 0, A- Kt^-t:^^ K^-f^i 

04 0, j&tJfCD-ROM K^>r >^i 0 6 0 $:g?^i-Sc ji^>f > ^ ~ 7 x>f 

1 0 3 0tt, ^^y ht?-^ SriTrL/Tfffi^iSgiljl'fgi-Sc /n- Kt'-T ^ tJ' F^-f 
y 1 0 4 0«, a>A>f ^|ggl 0Xli=i>/\°-f ^igS 6 0 7b^^Mt-'5=i>/NM 
^>''a^^A;&tJ«7'-^$:*&JN^t-^„ CD-ROM F^-fyi 0 6 0«, CD- 
ROM 1 0 9 5*^e>=r>A">r^:^n^^^AXli-r-^S:^*^^*J, RAMI O 2 
0 S:/rbTAm:^;^y 0 7 OlCjI^fS. 
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[0 0 5 7] 

Am:^=i> h n-^ 1 0 8 4 {Cli, ROMlOlO^l, 
^7.^ K^>r 0 5 0'^K^i3^v:f I 0 7 o^cDiAM^^mtJiK^timmiii 
ttm^-^n^. ROMiOiOtt. n>A>r^^Sl 0Xli=r>7^>r^^g6 0 
(Z)®i&^icc PU 1 0 0 OA^Uff-rs h::^a^^A'«f>, 3>7N'>f ^^Si o 

i/^>>:f;i/7''r K^-f:/i o 5 ott, ^ i o 9 o*^e>3 

>A'-r^:^n^^AXtt7=-tJf 5:^*^«t»;> ram 1020 $::;M>TAffi:ty^^y 
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1: buf(D^mit 



2: store c to buf [ ] 
3: buf = buf next 
I 



4: store c to buf [ ] 
5: buf = buf -* next 
I 



6: store c to buf [ ] 
7: buf = buf next 
I 



8: buf<7)UX h^s. valueC 
9: = s 



(a) 



1: sb = s. toStringBuffer 0 



2: sb. append (c) 
I 



3 1 sb. append (c) 



4 : sb. append (c) 



5: s = sb. toStringO 
6: = s 



(b) 



l: s = 



2: s = new Str ingCs. c) 



3 : s = new Str j ng (s. c) 
I 



4: s = new Str ing(s. c) 



5: = s 
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1 : s = 

2: i = min 

3: cmpge i. max 



'800 



4: t = new StrlngBuffer () 

5 : t. append (s) 

6: t. append (a [i]) 

7: s = t. toStringO 

8: i = i + 1 

9: cmpge i. max 



'810 









10: System, out. print In (s) 



'820 
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[®9] 



1 : s = 

2: i = min 

3: cmpge i. max 



4: t = s. toStringBufferO 

5: t. append (a [i]) 

6: s = t.toStringO 

7: i = i + 1 

8: cmpge i. max 









9: System, out. print In (s) 
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840 



10: t = s. toStringBufferO 



1 : s = 

2: i = min 

3: cmpge i. max 



'800 





830\ 


4: t = s. toStringBufferO 




810 



5: t. append (a [i]) 

6: s = t. toStringO 

7: i = i + 1 

8: cmpge i, max 









9: System. out. print tn(s) 
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[® 1 1] 



. s = 
2: i = min 
3: cnpge i, max 



'800 



830 



840 



10: t 



= t 



3. toStringPuffer 0 



4: t = s. toStringBufferO 




810 





5: t. append (a [i]) 

6: s = t. toStringO 

7: i = i + 1 

8: cmpge i. max 









9: System, out. print In (s) 
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3 ■ t. t e Stri n gO 
10: t = t 



1 : s = 

2: i = min 

3: cmpge i. max 




830 \ 


4: t = s. toStrlngBufferO 




810 



—800 



5: t. append (a [i]) 
6: i = i + 1 
7: cmpge i, max 



850 



8: s = t.toString() 



9 : System, out. pr i nt I n (s) 
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